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 The development of molecule sensors is important not only in the medical region but also for national 
security, forensic industries, and environmental monitoring. In order to solve the problem in the fluorescent 
marker method which is the conventional detection method with labeling, an electric detection method using 
a field-effect transistor (FET) sensor attracts much attention. Since MoS2 [1, 2] which consist of 2D stacked 
layers are held together by relatively weak van der Waals forces, it is possible to obtain atomically thin films 
with pristine interfaces, a monolayer of MoS2 being only around 0.65 nm thick. Physical properties of MoS2 
which has a large specific surface area are sensitive to changes in the surface condition. It should be noted 
that since MoS2 is a semiconductor, which is different from graphene, it can be expected to exhibit very high 
sensitivity by the nonlinear characteristics of the semiconductor and suppress the leakage current due to the 
band gap. This work is basically to understand the interaction between MoS2 and molecules and lead to 
sensor application. 
 
1. Charge transfer and Field effect by adsorbed molecules 
MoS2-FET based sensors have high sensitivity and high accuracy by observing changes in electrical 
characteristics due to charge transfer. In this work, I found that the mechanism to change the electrical 
characteristics is the dipole effect from FET properties which were obtained in-situ during dopamine 
adsorption. The redox potential of dopamine which is reported by Liu et al. [3] is 0.618 which is higher than 
that of the conduction band minimum of MoS2 and close to TCNQ. Change of electrical properties obtained 
for dopamine molecules didn’t follow that originally pridicted from the relation of redox potential and shows 
opposite behavior, despite the change in TCNQ adsorption. Moreover, molecular charge induced by charge 
transfer should limit the electron mobility of MoS2 as coulomb scattering center, but there was no change in 
mobility. I explained this different behavior of electrical properties with charge transfer by field-effect of 




Figure 1.  (a) Illustration of in-situ measurement system and (b and c) obtained electrical characteristics. 
2. Adsorption and desorption of Chlorine 
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 I report a precise measurement of the change of electric properties of MoS2-FET upon an exposure 
of the channel part to Cl2 gas using surface science analysis techniques in situ under UHV condition. 
From the thermal desorption spectroscopy (TDS) measurement and DFT calculations, I assigned the 
adsorbates to the Cl atoms which are dissociated from Cl2 molecules. Judging from the monotonic 
shift of property with the coverage, I conclude that the MoS2 sensor has a high sensitivity to detect 
10-3 ML of adsorption. 
 
 
Figure2. (a) Illustration of in-situ measurement system and (b and c) obtained electrical characteristics. 
 
3. Operation under the fluids and low concentration detection 
 Most of cases, the device which is used as a biosensor should operate in the solution or under the 
its fluids. Here I report the operation of MoS2-FET based sensor under the fluids using 
micro-fluidic channel (Figure 3a) and demonstration of detection in NaCl solution of ultra-low 
concentration. From this experiment, I found the electrical property changes in water flow condition 
(Figure 3b) and nano-molar level of NaCl solution (Figure 3c).  
 
 
Figure3. (a) Illustration of in-situ measurement system and (b and c) obtained electrical characteristics. 
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である MoS2-FET デバイスのゲート電圧に対するドレイン電流の変化（Id-Vg 曲線）が、吸着量と
ともに増加することが示された。表面分析の手法である熱脱離スペクトロスコピーおよび第一原
理計算を用いた吸着エネルギーの計算を組み合わせることによって、これらの変化は塩素分子が
解離し、塩素原子として表面に吸着、電子を受け入れるドナーとして働くこと、また吸着量と
Id-Vg 曲線の閾値は、ラングミュアーの関係式で表されることを示し、このデバイスが気体の単
層以下の微量な吸着にも反応する優秀なセンサー動作をすることを示した。同様の実験をドーパ
ミンや TCNQ などの多くの分子で調べており、チャンネル部分に吸着したガス分子の影響を系統的
に調査したはじめての研究と考えられる。 
また、固液界面を利用した FET デバイスによる分子認識実現のため、チャンネル部分にのみ液体
が流れるデバイスを開発しその研究にあたっている。電極に溶媒が接触することによる不具合が
減少し、実際に水と塩化ナトリウムによる閾値の変化を観察しており、FET による液体の解析と
いう新しい分野を開拓した。 
これらの実験は、自立して研究活動を行うに必要な高度の研究能力と学識を有することを示して
いる。Nguyen 氏の博士論文は、博士(理学)の学位論文として合格と認める。 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
